Power cable failures for offshore marine energy applications are a growing concern since experience from offshore wind has shown repeated failures of interarray and export cables. These failures may be mitigated by dedicated cable protection systems, such as bend restrictors. This paper presents the rationale and the results for accelerated reliability tests of an articulated bend restrictor.
Introduction

20
Offshore wind energy has reached a stage where it is a substantial part of 21 the installed generation capacity, with ambitious plans to further increase its 22 share. The UK is currently the world leader with 3.7GW of installed and grid 23 connected offshore turbines (as of end 2013) being part of a total of 48GW 24 offshore wind projects in operation and under development [1] . As of July 2014, 25 the combined capacity of grid-connected offshore wind projects in European 26 waters amounts to 7.3GW [2] . 27 The industry is under increased scrutiny to achieve competitive levelised cost 28 of electricity favourably below the symbolic £100/MWh mark in the mid (2020) 29 to long-term (2050) [3] . One of the crucial factors to achieve this is high system 30 reliability to ensure high operational availabilities with target levels above 97%.
31
The system reliability level of onshore wind turbines which is in the order of One of the emerging challenges to achieve these high availability levels is 36 the reliability of inter-array and export cables. A recent industry estimate [7] 37 is that whilst only about 10% of the capital expenditure for offshore wind in- per year, whilst some UK offshore wind installations report failure rates be-43 tween 5-8 faults per 100km per year [8] . The problem is exacerbated by the fact 44 that offshore locations increase unplanned maintenance cost for cable faults by 45 a factor of 10 to 100, compared to onshore incidents.
46
The root causes of cable failures are reported [8, 9] to be a combination of 47 poor installation practice, inadequate design of the cable itself and related acces-48 sories as well as inadequate mechanical protection for the given environmental 49 load conditions. Apart from the first cause, the failure mechanism is driven 50 by the wave and tidal/current interactions with exposed cable sections, causing 51 external abrasion and mechanical wear as well as cyclic bending, resulting in 52 premature cable failures.
53
Accelerated testing seeks to increase component stress levels with the as-54 sumption that the damage accumulates over the lifetime of the component.
55
The objective is to accelerate the time needed to observe failure modes by using 56 test regimes which are representative of the conditions expected in the field [10] . Cable protection systems (CPS) are commonly used in the oil and gas and 82 offshore wind industry to prevent damage to an umbilical cable (or riser) from 83 overbending. There are two types of CPS, bend restrictors and bend stiffeners.
84
Indicative drawings are shown in fig. 1 .
85
Bend restrictors ( fig. 1(a) 
180
• The burial depth of the cable and the CPS is d burial = 2m.
181
• The global scour is set to S global = 1m and
182
• The diameter of the monopile is D = 5m
183
• The expected scour depth, S depth is calculated as: 
187
• The current and wave direction are collinear. The maximum force on the CPS has been observed at the location of the 194 cable clamp centralizer, which is situated in the monopile/J-tube bell mouth.
195
The maximum load conditions across the range of sites and cases are presented in Table 6 gives a summary of the tested samples, specifying the load envelopes 280 and accumulated number of cycles. Figure 5 shows ing the sample string to the headstock. The failure was on the lip of the shells 319 that locks over the lip on the stainless steel attachment piece.
320
After this failure the pieces were removed from the test rig and analysed abrasion was observed near the head stock at maximum bending angle.
334
Load case 2 and 3. Load cases 2 and 3 were completed without any failure.
335
Some limited wear and abrasion were observed near the headstock. 
385
Here it is applied to assess the effects of both extreme and fatigue loading. For 386 the given load cases, the maximum effective stress for all cable components was 387 calculated. This is given by the summation, following the von Mises criterion,
388
of the stress effects of all loads acting on an element.
389
Extreme loading. For the extreme load cases applied, no significant impact was 390 expected in any of the polymeric elements, while the result for all metallic 391 components is shown as a percentage of the material yield strength in tab. 8.
392
With the given cable loading assumptions the following can be concluded:
393
The stress acting on the aluminium sheath is estimated as 65% of yield strength 394 limit at 28 • bending. Accounting for possible high stress spots due to uneven 395 load distribution, the probability of extreme load failure is estimated as medium.
396
The stress acting on the copper tape is approximately 35% of the yield strength 397 limit at 28
• bending. The probability of extreme load failure is deemed to be 398 low.
399
At 28
• bending, the stress acting on the armouring wires was estimated as 400 25% of the yield strength limit, while for the inner cable metallic components 401 the calculated stress was only a small fraction of the material yield strength.
402
The likelihood that these components will fail due to extreme loading is small. 
473
The test regime exceeds the nominal fatigue life in both cases. Therefore, the 474 failure likelihood regarding bending fatigue is judged as high.
475
Fretting. Fretting is a form of wear that occurs between two metallic surfaces 476 subjected to minimal relative oscillating motion (i.e. tens of microns). It is one 477 of the possible crack initiation causes that may eventually produce fatigue fail- ure. In the cable design, the copper screen wires are allowed to easily slip when 479 the cable is subjected to bending loads in order to minimize stress concentration.
478
480
Accordingly, the maximum effective stress acting on the copper screen wires as 481 calculated by CableCAD is below 5% of the yield strength and consequently 482 the likelihood of wires failure due to pure fatigue loading was considered low. 
Cable dissection
490
The cable specimen was returned to NSW after the mechanical loading tests connected to the DMaC headstock and thus was subjected to the largest cyclic 496 bending stresses. The shortened section before dissection is shown in fig. 9 . sheath and screen as well as between screen and insulation system.
522
Insulation. No damage was noticed in the insulation system.
523
Conductors. All conductor copper wires were found in good condition, although 524 some signs of fretting were identified. Figure 13( 
